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Objective: The objective of this review was to synthesize previous findings on the test-retest reliability of the 3015 Intermittent Fitness Test
(IFT).
Methods: The literature searches were performed in 8 databases. Studies that examined the test-retest reliability of the 3015 IFT and presented
the intraclass correlation coefficient (ICC) and/or the coefficient of variation (CV) for maximal velocity and/or peak heart rate were included.
The consensus-based standards for the selection of health measurement instruments (COSMIN) checklist was used for the assessment of the
methodological quality of the included studies.
Results: Seven studies, with a total of 10 study groups, explored reliability of maximal velocity assessed by the 3015 IFT. ICCs ranged from
0.80 to 0.99, where 70% of ICCs were  0.90. CVs for maximal velocity ranged from 1.5% to 6.0%. Six studies, with a total of 7 study groups,
explored reliability of peak heart rate as assessed by the 3015 IFT. ICCs ranged from 0.90 to 0.97 (i.e., all ICCs were  0.90). CVs ranged
from 0.6% to 4.8%. All included studies were of excellent methodological quality.
Conclusion: From the results of this systematic review, it can be concluded that the 3015 IFT has excellent test-retest reliability for both maxi-
mal velocity and peak heart rate. The test may, therefore, be used as a reliable measure of fitness in research and sports practice.
2095-2546/ 2020 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Many team sports have an intermittent structure; that is,
they involve repeated high-intensity efforts that are inter-
spersed with periods of lower-intensity activity.1,2 Intermittent
exercise is often characterized by short periods of high exer-
tion that are associated with increases in oxygen consumption,
heart rate, and blood lactate concentration, as well as decreases
in blood and muscle pH.3 Several tests have been developed
for estimating an individual’s capacity to perform intermittent
exercise. Some of these tests include the Yo-Yo intermittent
recovery test,3,4 the 20-m shuttle run test,5 the University of
Montreal track test,6 and the 3015 Intermittent Fitness Test
(IFT).711 These tests are popular among sport and exercise
practitioners because they give insights into the current levelsPeer review under responsibility of Shanghai University of Sport.
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org/10.1016/j.jshs.2020.04.010of fitness of their athletes, providing a basis for the develop-
ment of training programs.3,11
The 3015 IFT has gained popularity in recent years in
both research and sports practice.711 The test requires a short
amount of time to be completed (around 20 min to 30 min)
and allows for testing large groups of athletes simultaneously.
The test protocol includes 30-s shuttle runs (between 2 lines
that are 40 m apart) that are interspersed with 15 s of passive
recovery initiated and ended by audio beeps. The starting
velocity for this test is 8 km/h, and it is increased by 0.5 km/h
in each successive 30-s stage. The test is terminated when the
individual volitionally stops due to accumulated fatigue or
when the individual is not successful in reaching the next 3-m
zone (near the marked line) at the beep on 3 successive occa-
sions. This test is valid for estimating cardiorespiratory fit-
ness.12 The most commonly assessed outcomes of this test are
the maximal achieved velocity and peak heart rate. Scott
et al.13 reported that the maximal velocity in this test correlatesis an open access article under the CC BY-NC-ND license.
tness Test: A systematic review, Journal of Sport and Health Science (2020), https://doi.
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2 J. Grgic et al.with 300-m shuttle time, repeated-sprint time, “Agility 505”
test time, and 20-m flying sprint time. Maximal velocity in the
3015 IFT is commonly used for the individual exercise pre-
scription of high-intensity intermittent running, an aspect of
the test that makes it very appealing for sports
practitioners.7,1416
Regardless of whether a test is used for an athlete’s fitness
assessment, for exercise prescription, or for estimating the effec-
tiveness of a given exercise program, it is important to know its
reliability.17,18 Reliability refers to the independence of a test from
measurement error.17,18 For practitioners, information on reliabil-
ity can help to determine whether the test scores are trustworthy
enough to allow monitoring changes in an athlete’s performance.
In research, the reliability of tests is important, given that the use
of tests with poor reliability may attenuate effect sizes and increase
the probability of type II error.17,18 The current body of evidence
on the test-retest reliability of the 3015 IFT is unclear. For exam-
ple, Thomas et al.19 reported a test-retest intraclass correlation
coefficient (ICC) for maximal velocity of the 3015 IFT of 0.80,
whereas Kelly et al.20 reported an ICC of 0.99. According to the
classification of ICC values suggested by Koo and Li,21 the test
could be classified as having moderate reliability (if informed by
the Thomas et al.19 study) or as having excellent reliability (if
informed by the Kelly et al.20 study). Therefore, there appears to
be no scientific consensus on the test-retest reliability of the
3015 IFT. Given the inconsistent findings of previous studies,
the present systematic review aimed to synthesize individual stud-
ies that have explored the test-retest reliability of the 3015 IFT.2. Methods
The guidelines proposed by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses were employed
for the purpose of this review. The search for the studies was
conducted through Academic Search Elite, CINAHL, ERIC,
PsycINFO, PubMed/MEDLINE, Scopus, SPORTDiscus, and
Web of Science (including all Web of Science Core Collec-
tion: Citation Indexes) databases. Two authors (JG and BL)
performed the searches for the studies independently. After
conducting the searches, the included studies were cross-
checked between the 2 authors, and a mutual consensus was
reached for the final included/excluded studies. In all of the
databases that were searched, the following combination of
keywords and Boolean operators was used to identify the stud-
ies: (“3015” OR “30 15” OR “intermittent fitness” OR
“intermittent-fitness” OR “IFT”) AND (“reliability” OR
“repeatability” OR “reproducibility”). The search was con-
ducted on January 6, 2020.
Studies that satisfied the following criteria were included in
the present review: (1) published in the English language, (2)
published in a peer-reviewed journal, (3) examined the test-
retest reliability of the 3015 IFT, and (4) presented ICC and/
or coefficient of variation (CV) for maximal velocity and/or
peak heart rate. We considered all studies, regardless of the
participants’ training status or their respective sport.
The following data were extracted from the included stud-
ies: (1) details of the sample, including the sample size, sex,Please cite this article as: Jozo Grgic et al., Test-retest reliability of the 3015 Intermittent Fi
org/10.1016/j.jshs.2020.04.010and participants’ sports experience; (2) the number of days
between the first assessment (test) and the second assessment
(retest); and (3) ICC and/or CV values. Two authors (JG and
BL) independently extracted the data from the included stud-
ies. After data extraction, the authors compared the files. Any
observed differences in the extracted data were rechecked in
the original studies. We based our interpretation of the ICC
values on the following thresholds: poor reliability (ICC <
0.50), moderate reliability (ICC = 0.500.75), good reliability
(ICC = 0.760.90), or excellent reliability (ICC > 0.90).21
Form B of the consensus-based standards for the selection
of health measurement instruments (COSMIN) checklist
(designed for reliability studies) was used for the assessment
of the methodological quality of the included studies.22 This
form has 11 items that refer to the number of measurements
and their administration, the time between test and retest, the
adequacy of the sample size, the reporting of ICCs, and any
other methodological limitations of the study. The checklist is
described in more detail elsewhere.22 A maximum of 1 point
per item is assigned to a study. The overall score on the check-
list, therefore, ranges from 0 to 11 points. The following
thresholds were used to classify the studies according to their
overall methodological quality: excellent quality (911
points), moderate quality (68 points), and poor quality (fewer
than 6 points). Two authors (JG and BL) of the review inde-
pendently conducted the quality assessment; any differences
between the independent assessments were resolved through
discussion between the authors until they reached an agree-
ment.3. Results
Of the 547 search results identified through the databases,
516 were excluded based on their titles and abstracts, whereas
31 full-text papers were read. Seven studies were found to sat-
isfy the inclusion criteria.12,19,20,2326 More details about the
search and study selection process are presented in the flow
diagram (Fig. 1).
The average number of participants per study was 23, while the
pooled number of participants across all of the included studies
was 159. All of the studies included athletes as participants. They
were competitors in basketball, ice hockey, soccer, rugby, wheel-
chair rugby, and futsal. Four of the studies used a 7-day period
between the tests, whereas the remaining 3 studies used 2-, 5-, and
9-day periods (Table 1). All included studies established reliability
for maximal velocity, but one of them did not assess test-retest
reliability for peak heart rate (Table 1). All included studies pre-
sented both ICCs and CVs as measures of test-retest reliability.
The included studies are summarized in Table 1.
All studies scored 9 points on the COSMIN checklist and were,
therefore, classified as being of excellent methodological quality
(Table 2). None of the included studies received a point on Item 3
(“Was the sample size included in the analysis adequate?”) or on
Item 5 (“Were the administrations independent?”).
Seven studies, with a total of 10 study groups, explored reli-
ability of maximal velocity. ICCs ranged from 0.80 to 0.99,tness Test: A systematic review, Journal of Sport and Health Science (2020), https://doi.
Fig. 1. Flow diagram of the search and study selection process.
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IFT reliability 3where 70% of ICCs were  0.90. CVs in the included studies
for maximal velocity ranged from 1.5% to 6.0%.
Six studies, with a total of 7 study groups, explored reliabil-
ity of peak heart rate. ICCs ranged from 0.90 to 0.97 (i.e., all
ICCs were  0.90). CVs in the included studies for peak heart
rate ranged from 0.6% to 4.8%.4. Discussion
This review found that the 3015 IFT has excellent test-
retest reliability for maximal velocity, as shown by high ICCs
( 0.80) and low CV values ( 6.0%). We also found that the
3015 IFT has excellent test-retest reliability for peak heart
rate, given that the ICCs for this outcome were high ( 0.90)
and the CVs were low ( 4.8%). All included studies were
classified as being of excellent methodological quality, which
adds to the credibility of these findings.
As noted previously, the 3015 IFT is widely used by
practitioners.711 Therefore, it is important to compare thePlease cite this article as: Jozo Grgic et al., Test-retest reliability of the 3015 Intermittent Fi
org/10.1016/j.jshs.2020.04.010reliability of this test with other similar tests that are popular
in practice, such as the Yo-Yo test. A recent review summa-
rized findings from 19 studies that explored the test-retest reli-
ability of the Yo-Yo test.27 Across the included studies, ICCs
for the Yo-Yo test ranged from 0.78 to 0.98 (97% of all ICCs
were above 0.80), whereas CVs ranged from 3.7% to 19.0%
(75% of all CVs were below 10%).27 Based on this comparison
of results, the reliability of the 3015 IFT seems to be similar
to the reliability of the Yo-Yo test.
Interestingly, 1 study modified the 3015 IFT and explored
its test-retest reliability among athletes competing in wheel-
chair rugby.20 The test was performed on an indoor court of
28 m (the length of a court for wheelchair rugby), where the
participants were required to push back and forth between the
allocated lines.20 In this modified 3015 IFT, the authors
observed high ICCs and low CVs for maximal velocity
(ICC = 0.99; CV = 1.9%) and peak heart rate (ICC = 0.95;
CV = 4.5%). The results of this study suggest that the modified
3015 IFT is a reliable test among wheelchair rugby players.tness Test: A systematic review, Journal of Sport and Health Science (2020), https://doi.
Table 1
Summary of the studies included in the review.
Study Sample Familiarization
with the test as a






CV (%) and 95%CI- (%, if reported)
Buchheit et al.
(2011)12
Male elite ice hockey
players (n = 17)
None 7 days Maximal velocity:
0.96 (0.910.98)
Maximal velocity: 1.6 (1.32.3)
Peak heart rate:
0.97 (0.910.99)a




players (n = 17)
None 7 days Maximal velocity:
0.91 (0.800.96)
Maximal velocity: 1.8 (1.42.7)
Peak heart rate:
0.94 (0.850.97)




players (n = 19)
None 7 days Maximal velocity:
0.85 (0.660.93)
Maximal velocity: 6.0 (4.88.2)
Peak heart rate:
0.96 (0.810.98)




rugby players (n = 10)





Peak heart rate: 4.5
Scott et al.
(2015)25
U16 (n = 19), U18
(n = 21), and U20




Within 9 days Maximal velocity (U16):
0.94 (0.860.98)
Maximal velocity (U16): 1.8 (1.32.7)
Maximal velocity (U18):
0.92 (0.810.97)
Maximal velocity (U18): 2.1 (1.63.0)
Maximal velocity (U20):
0.83 (0.560.94)
Maximal velocity (U20): 2.0 (1.43.1)
Peak heart rate (U20):
0.96 (0.890.99)b




soccer players (n = 14)
None 7 days Maximal velocity:
0.80 (0.650.91)




Male (n = 13) and
female (n = 14) futsal
players
None 5 days Maximal velocity (males):
0.92 (0.820.97)
Maximal velocity (males): 1.5 (1.22.3)
Maximal velocity (females):
0.96 (0.890.98)
Maximal velocity (females): 1.5 (1.12.2)
Peak heart rate (males):
0.90 (0.630.98)
Peak heart rate (males): 1.4 (1.02.7)
Peak heart rate (females):
0.91 0.91 (0.790.96)
Peak heart rate (females): 1.3 (1.01.9)
Notes:None of the studies reported ICC type. 95%CIs are presented as (lower limitupper limit).
a Peak heart rate data were obtained from 12 participants.
b Peak heart rate data were obtained for a subsample of the U20 group (n = 13).
Abbreviations: CI = confidence interval; CV = coefficient of variation; ICC = intra-class correlation coefficient; U16 = under 16 years old; U18 = under 18 years
old; U20 = under 20 years old.
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influence the reliability of a given exercise test.18 An individ-
ual may become more proficient in a given test with increased
experience. This may subsequently decrease the amount of
random error in the test results and, hence, improve the reli-
ability of the test. Therefore, in studies focusing on the reli-
ability of exercise tests, Currell and Jeukendrup18 have
suggested that the participants should be familiarized with
the testing protocol by performing at least 1 practice session
before the main sessions commence. However, of the 7 stud-
ies included in our review, only Scott et al.26 reported that a
familiarization session was provided to the participants as a
part of the study design. Despite the overall lack of familiari-
zation with the test, both maximal velocity and peak heart
rate generally had excellent test-retest reliability. These
results suggest that a familiarization session is not needed for
an excellent test-retest reliability of the 3015 IFT. It mightPlease cite this article as: Jozo Grgic et al., Test-retest reliability of the 3015 Intermittent Fi
org/10.1016/j.jshs.2020.04.010be that a familiarization session would even further increase
the reliability of 3015 IFT. It is worth noting that the sample
in all the included studies in our review comprised competi-
tive athletes who, in some cases,12,19 may have already been
familiar with similar testing (or training) procedures. There-
fore, it remains unclear whether similar results would be
observed in untrained individuals. This merits future
research, given that the test may also have applications for
populations of untrained individuals.
In addition to familiarization with the exercise test, practi-
tioners should also consider that several other factors may
impact test reliability. For example, encouragement during the
test could introduce another source of random variation
because the encouragement may differ among trials, and the
participants’ responses to the encouragement might not be uni-
form in each trial.18 Research has also established that various
components of exercise performance vary according to thetness Test: A systematic review, Journal of Sport and Health Science (2020), https://doi.
Table 2
Results from the methodological quality assessment using Form B of the COSMIN checklist.
Study Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11 Total score
Buchheit et al. (2011)12 Yes Yes No Yes Unclear Yes Yes Yes Yes No Yes 9
Covic et al. (2016)23 Yes Yes No Yes Unclear Yes Yes Yes Yes No Yes 9
Jelicic et al. (2020)24 Yes Yes No Yes Unclear Yes Yes Yes Yes No Yes 9
Kelly et al. (2018)20 Yes Yes No Yes Unclear Yes Yes Yes Yes No Yes 9
Scott et al. (2015)25 Yes Yes No Yes Unclear Yes Yes Yes Yes No Yes 9
Thomas et al. (2016)19 Yes Yes No Yes Unclear Yes Yes Yes Yes No Yes 9
Valladares-Rodrıguez
et al. (2017)26
Yes Yes No Yes Unclear Yes Yes Yes Yes No Yes 9
Abbreviation: COSMIN = consensus-based standards for the selection of health measurement instruments.
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IFT reliability 5time of day, with better performance generally observed in the
evening hours.2830 Additionally, the use of certain supple-
ments, such as caffeine and sodium bicarbonate, has been
found to enhance performance in tests similar to 3015
IFT.31,32 Practitioners should attempt to standardize these fac-
tors as much as possible when conducting trials. For more
details on this topic, see the work by Currell and Jeukendrup.18
Research has shown that women are more fatigue resistant
than are men.33 Given this physiological difference between
sexes, it is possible that men and women would have different
responses in the context of test-retest reliability. Of the 7 stud-
ies included in our review, only Valladares-Rodrıguez et al.26
included both men and women in their trials. In their study, 13
male and 14 female futsal players performed the 3015 IFT
on 2 occasions. The results of Valladares-Rodrıguez et al.26
indicated that the test was highly reliable both for men
(ICC = 0.92; CV = 1.5%) and for women (ICC = 0.96;
CV = 1.5%). However, given that this was the only study con-
ducted involving both sexes, future studies with similar
research designs are warranted. Additionally, given that the
studies included in our review were conducted among basket-
ball, hockey, rugby, soccer, and futsal players (with prelimi-
nary data reported for handball),7,8,11 more research is also
needed on the reliability of 3015 IFT among athletes com-
peting in other sports, particularly those with an intermitted
structure, where this test has high applicability.
For the assessment of study quality, we adhered strictly
to the guidelines set forth by the research group that devel-
oped the COSMIN checklist.22 This research group has rec-
ommended that a sample of 100 participants is needed to
classify a reliability study as a study with adequate sample
size. It should be noted, however, that this is an arbitrary
threshold. The required sample size will depend greatly on
the expected ICC and the width of its confidence interval
(CI) that is deemed acceptable. For example, to achieve the
width of 95%CI of §0.02, the required sample size esti-
mated using the Bonett’s34 calculation would be around 90
participants for the expected ICC of 0.95, or about 350 par-
ticipants for the expected ICC of 0.90. Nevertheless, given
that the largest sample size in the included studies had 55
participants,25 future studies exploring the test-retest reli-
ability of the 3015 IFT would definitely benefit from using
larger sample sizes.Please cite this article as: Jozo Grgic et al., Test-retest reliability of the 3015 Intermittent Fi
org/10.1016/j.jshs.2020.04.0105. Conclusion
From the results of this systematic review, it can be con-
cluded that the 3015 IFT has excellent test-retest reliability
for both maximal velocity and peak heart rate. Therefore, this
test may be used as a reliable measure of fitness in research
and sports practice. In particular, the 3015 IFT can be used
as a reliable test for monitoring athletes’ performance and for
determining the efficacy of a given training program.Authors’ contributions
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